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THE BIOPSYCHOLOGY OF AUTISTIC AND NORMAL
CHILDREN

by  V. R ey n o ld s

(Department of Biological Anthropology, Oxford University,
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A b s t r a c t .  A three-year-study was made of autistic and normal children. 
Behaviour was studied using ethological methods. Endocrine physiology was 
studied by measuring catecholamine excretion rates. Clear differences in be
haviour were found between the two groups. Endocrine differences did not 
correlate with behaviour differences at the group level, but did so at the individ
ual level. Findings suggest that behaviour functions to stabilise physiological 
systems within normal tolerance limits. The implications of this approach for 
the understanding of the biopsychology of stress are discussed.
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In tro d u c tio n

I n  th is  necessarily  sh o rt p a p e r th e  a u th o r  w an ts  to  do th ree  th in g s . F irs t 
to  describe som e of th e  s tu d ies  carried  ou t b y  his d e p a rtm e n t in  th e  fie ld  of 
ca techo lam ines an d  b eh av io u r. Second to  focus on one s tu d y  in  w hich  a co
w o rk er, H . H e l e v u o  a n d  he w ere especially  invo lved  concern ing  no rm al 
an d  a u tis tic  ch ildren . A nd th ird  to  t r y  and  sketch  a th e o re tic a l m odel based  
on th e  research  th e y  have  done to  show  how  b ehav iou r m a y  re la te  to  u n d e rly 
ing  physio logical processes.

B u t f ir s t , th e  a u th o r  shou ld  like to  in tro d u ce  th e  su b jec t o f catecho lam ines 
an d  b eh av io u r as a w hole. C atecholam ines, n o ta b ly  ad renaline*  an d  n o ra d re n a 
line* b u t  also th e ir  m e tab o lite s , can  be s tu d ied  in  th e  se ru m  or th e  u rin e , an d  
ad d itio n a lly  n o rad ren a lin e  can  be s tu d ied  in  th e  CNS w here  i t  is a p len tifu l 
n e u ro tra n sm itte r . A ll our s tu d ies  h av e  been  on u r in a ry  ca techo lam ines. T here  
are good reasons fo r th is . W e h av e  n o t w a n te d  in  p a r tic u la r  to  in v es tig a te  CNS 
(neuro-) physio logy  in  re la tio n  to  b ehav iou r. Such s tu d ies  are  ex ten siv e ly  
p u rsu e d  elsew here an d  p re se n t m a n y  problem s of th e ir  ow n. As reg a rd s  th e  
q u es tio n : “ blood or u r in e ? ” , we are  seeking fo r a m easu re  of secretion ra te s  
(from  th e  ad ren a l m edulla) in  ou r stud ies, b u t  a lth o u g h  th is  w ould  seem  to  
fa v o u r tak in g  m easu rem en ts from  th e  b loodstream  we h av e  n o t in  fa c t done 
so, p re fe rrin g  u r in a ry  excretion  ra te s  fo r a n u m b er of reasons. P rim arily , espe
c ia lly  w ith  ch ild ren , i t  is u p se ttin g fo r  th e m  to  be sub jec t to  b lood  te s tin g  proce-

*The term adrenaline is synonymous with epinephrine, noradrenaline is synonymous with 
norepinephrine etc.

13* 195



dureg, le t  alone to  h av in g  an  indw elling  c a th e te r  or a n y th in g  like th a t .  Second, 
i t  is n o t in  fac t p e rm itte d  to  ta k e  b lood sam ples from  ch ild ren  for non-m edical 
reasons and  we could  be tech n ica lly  com m ittin g  an  a ssa u lt on ch ildren  if  we 
d id  so. T h ird , we w a n te d  th e  s itu a tio n s  u n d er s tu d y  to  be as n a tu ra l as possible, 
because our in te re s ts  are m a in ly  in  th e  norm al physio logy  o f behav iou r. T he 
reaso n  for includ ing  sam ples o f  au tis tic  ch ild ren  in  th e  w o rk  w as to  t r y  and  
shed  lig h t on th e  n o rm a l ones b y  inc lud ing  an  ab n o rm al g roup  fo r com parison. 
T he question  does arise, how ever, w h e th e r u r in a ry  ca techo lam ine  levels are 
com parab le  to  b lood  levels, o r how  th e  tw o are  re la ted . I n  th eo ry , i t  could 
be argued  th a t  th e  tw o levels m ig h t v a ry  qu ite  d iffe ren tly  so le t us look a t  th is  
m a tte r . W e can d is tin g u ish  th re e  possib ilities: f ir s t  th a t  if  blood levels are 
h igh , u rin a ry  levels w ould  be low . T hus i t  could  be a rg u ed  th a t  if  th e  bo d y ’s 
needs fo r ad renaline  are g re a t, th e re  will be a h igh  ra te  o f  secre tion  in to  th e  
b loodstream , b u t owing to  a h ig h  ra te  of tak e -u p , use an d  b reak d o w n  excre ted  
levels w ould be low . T he oppo site  could also be argued : t h a t  a h igh secretion  
ra te  w ould be re flec ted  in  a h igh  excre tion  ra te . L as tly  i t  could be argued  
th a t  th e re  can be no clear re la tio n  betw een  th e  tw o because o f th e  com plex ity  
o f  th e  m etabolic  processes invo lved .

O ur stud ies h av e  been  b ased  on th e  second a ssu m p tio n , w hich underlies 
p rev ious w ork in  th e  fie ld  in  th e  USA  an d  in  Sw eden. B u t we have n o t ju s t  
m ade th e  assum ption . W e h a v e  a tte m p te d  to  es tab lish  th e  fac ts  b y  m easu r
in g  n o t ju s t  u r in a ry  ad ren a lin e  an d  n o rad ren a lin e , b u t  also th e ir  chief m e tab o l
ite s , m e tad rena line , n o rm e tad ren a lin e  an d  van il-m andelic  acid  (YMA). W e 
h av e  found  th a t  levels o f th e se  m etabo lites co -vary  w ith  th e  levels of th e  p r i
m a ry  catecholam ines in  th e  u rin e , i.e. w here one is h igh all are high, an d  vice 
v ersa . T his we have  in te rp re te d  to  m ean  th a t  a h igh  ex c re ted  level does indeed  
in d ica te  a h igh secre ted  level since o therw ise we could  ex p ec t to  fin d  a h igher 
or low er re la tiv e  level o f m e tab o lite s  to  p rim a ry  ca techo lam ines depending  
on  th e  e x te n t o f b o d y  ta k e  u p  o f th e  in itia l secretions. O ur fin d in g s also ind ica te  
t h a t  m easurem ents of u r in a ry  ad renaline  and  n o rad ren a lin e  alone are enough 
to  in d ica te  secre tion  levels since th e  m easu rem en t of th e  m etab o lites  does n o t 
ad d  e x tra  in fo rm atio n  a b o u t secretion  levels (besides being  tim e-consum ing  
a n d  ra th e r  d ifficu lt).

A second line o f ev idence in d ica tin g  th a t  u r in a ry  ca techo lam ine  levels are 
an  accu ra te  in d ic a to r  o f secre tio n  levels re la tes to  th e ir  fu n c tio n a l significance 
in  general. The ea rly  w ork  o f Ca n n o n  (1953) in  p a r tic u la r  in d ic a te d  th a t  a d ren a 
line  w as secreted  b y  th e  a d re n a l m edulla a t  tim es of em o tio n a l arousal and  
he suggested  th a t  i t  w as a ho rm one  fu n c tion ing  to  en rich  th e  co n ten t of th e  
b lood  b y  lib e ra tin g  in to  i t  s to re d  glygogen and  o th e r su b stan ces  useful fo r th e  
e ffic ien t fu n c tion ing  of c e n tra l bo d y  organs an d  m u scu la r tissue a t  tim es o f 
‘f ig h t or f lig h t’, e.g. in  em ergency  s itu a tio n s. I t  th u s  ac ts  as a back-up  system  
prolonging th e  im m ed ia te  effects of th e  sy m p a th e tic  n e rv o u s system  w hich 
prov ides an  in itia l boost a n d , in  fac t, a c tiv a tes  th e  ad ren a l m edulla itse lf  v ia 
th e  sp lanchnic nerve , c o n tra c tin g  it  to  discharge its  c o n ten ts  in to  th e  ad renal 
vein .

B ecause Ca n n o n ’s h y p o th es is  has received su p p o rt ev e r since and  been 
am plified  in  v a rious w ays, ad ren a lin e , and  to  some e x te n t n o rad renaline, too , 
h av e  often  been called  ‘s tre ss  horm ones’ an d  i t  is fo r th is  reason th a t  we 
h av e  focussed on th e m  in  o u r research . T here are  o th e r  ‘stress horm ones’, 
n o ta b ly  th e  ad ren a l co rtico -stero ids p roduced  b y  th e  a d re n a l co rtex , b u t  these
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are slow er ac tin g  an d  less sensitive m easu res of em otiona l experience th a n  
adrenaline . F in a lly , to  ro u n d  off these in tro d u c to ry  rem ark s, we shou ld  n o te  
th a t  in  th e  la s t  decade or so i t  has becom e in creasin g ly  possible to  m ake v e ry  
accu ra te  e s tim a tio n s  o f th e  q u a n tity  of ad ren a lin e  an d  n o rad renaline  p re sen t 
in sam ples, an d  we h av e  used  th e  m ost a c c u ra te  m e th o d  availab le a t  th e  tim e  
of s tu d y , n am ely  sp ec tro flu o ro m etry , a te c h n iq u e  based  on th e  f lu o rescen t 
p ro p e rty  of ad ren a lin e  and  noradrenaline  in  su ita b ly  p rep a red  sam ples coupled  
w ith  a c h a r t recorder. F u ll de ta ils  o f th e  m e th o d  used  can be fo u n d  in  D r. 
H elev u o ’s th es is  (1978), availab le  a t th e  B od le ian  L ib rary , O xford.

Other studies

B rief m en tio n  w ill now  be m ade of o th e r  re le v a n t stud ies m ade elsew here, 
and  in  ou r ow n d ep a rtm en t.

E lsew here, ca techo lam ine  stud ies have m a in ly  been  m ade in  th e  U SA an d  
Sweden, b u t  th e re  h av e  been some in  B r ita in , too . F o r  th e  m ost p a r t ,  people 
have been  s tu d ied  in  s itu a tio n s  w here th e re  is a clear e lem ent of psychological 
stress and  th e ir  ca techo lam ine  levels have b een  com pared  before, d u rin g  an d  
a fte r  a so-called  ‘s tre ss’ period. F o r exam ple  s tud ies have  been m ade o f free- 
fall p a ra c h u tis ts , people undergoing  d en ta l tr e a tm e n t,  people w atch ing  various 
k inds of film s, rac ing  d rivers, o rd in ary  d riv e rs , traw le rm en  w orking in d ifficu lt 
cond itions, ch ild ren  undergoing  m a th e m a tic a l te s ts , tra in  com m uters on 
crow ded tra in s , an d  saw m ill w orkers in re p e titiv e , no isy  w orking cond itions. 
Such s tu d ies  all ad d  up  to  a p ic tu re  of in c reased  ca techo lam ine  o u tp u t in  s tre ss 
ful cond itions (see Mason  1968, L ev i 1971).

W e shou ld  n o te , how ever, th a t  while th e  en v iro n m en ta l fac to rs h av e  been  
well described  an d  th e  catecholam ine levels accu ra te ly  m easured  th e  ac tu a l 
b eh av io u r accom pany ing  th e  stressfu l s itu a tio n s  has n o t no rm ally  been  describ 
ed in  any  sy s te m a tic  w ay. B y using th e  m e th o d s  of descrip tion  of e tho logy  we 
have b ro u g h t fa r  m ore accu racy  to  the  b e h a v io u ra l side of th e  s tu d y  in  our 
w ork on ch ild ren .

Besides th e  s tu d y  o f ch ild ren  w hich will be described  n e x t, we have  a t  O xford  
m ade a fu r th e r  series o f stud ies, some sm all-scale , o th e rs  larger. E ach  m e th o d  
(sm all, in d iv id u a l an d  large, pop u la tio n  s tu d ies) co n trib u te s  in  d iffe ren t w ays, 
as will be c lear la te r  in  th is  paper.

O n th e  in d iv id u a l side we h av e  co llected  d a ta  on a percussion ist in  a  rock  
b an d , le c tu re rs  in  o u r d e p a rtm e n t de livering  lec tu res  an d  sem inars, an d  s tu 
den ts  perfo rm ing  a t  exam ina tions. L o n g er-te rm  stu d ies  have in c lu d ed  24- 
h o u r and  one 2 -w eek s tu d y  of ind iv iduals, th u s  giving d a ta  on c ircad ian  rh y th m s  
as well as tim es  o f stress. These longer s tu d ie s  also invo lve  a d ia ry  o f ev en ts  
k e p t b y  th e  su b jec t. In  recen t stud ies we h a v e  ad d ed  d a ta  on h e a r t ra te , re s 
p ira to ry  ra te  a n d  sk in  resistance  to  th e  ca tech o lam in e  d a ta , using a M edilog 
a m b u la to ry  m o n ito rin g  device fo r th e  h e a r t  r a te  d a ta . F in a lly , we are  c u rre n tly  
engaged in  a large-scale  s tu d y  o f th e  h e a lth  an d  life-sty le  of the  a d u lt p o p u la 
tions o f a n u m b e r o f villages to  th e  n o rth  o f  O xford , an d  have co llected  u rine  
sam ples from  th ese  people an d  begun to  re la te  th e ir  catecho lam ine levels to  
aspec ts  o f th e ir  life-sty les such as occu p a tio n .
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The study of children

T his s tu d y  consisted  o f observa tions o f  tw o  ty p e s  of ch ild ren , n o rm a l an d  
a u tis tic , to  com pare  th e ir  beh av io u r an d  see i f  th e re  were a n y  co rre la tio n s  
b e tw een  th e ir  b e h av io u r and  th e ir  ca techo lam ine  excre tion  ra te s . T he a u tis tic  
g roup  w as inc luded  because i t  has been  suggested , n o ta b ly  b y  th e  T in b e r g e n s  
(1972), R ic h e r  (1976) and  o thers, t h a t  th e y  are  u n d er stress. W ould  th e y , 
th e n , show  an  u n d u ly  h igh level of ca techo lam ines?

W e d id  th e  s tu d y  tw ice over, once on a sam ple  of 10 n o rm al ch ild ren  aged 
5— 6 y ears  a t  a p rim a ry  school, an d  4 s lig h tly  o lder au tis tic  ch ild ren  a t te n d in g  
a h o sp ita l school (T able 1).

T a b le  1

Age, sex and weight of children in the first sample

Child
N o rm al o r 

a u tis tic S ex A ge (m onths) Wt(kg)

Anna normal F 6 8 19
Christine normal F 6 8 2 0
Helen normal F 6 8 23
Laura normal F 67 2 2
Linda normal F 65 33
Andrew normal M 67 2 0
Alex normal M 6 6 2 0
Michael normal M 62 18
Peter normal M 70 23
Tom normal M 63 19
Darrell autistic M 118 28
Henry autistic M 112 28
Ken autistic M 8 8 19
Sam autistic M 93 24

B eh av io u r w as reco rd ed  b y  an  observer (H . H e l e v u o ) in  th e  ro o m  w ith  th e  
ch ild ren , w ho w ere observed  in  a ran d o m ised  o rd e r w hich neverth e less  w as 
a d ju s te d  so t h a t  each  child  h ad  th e  sam e to ta l  observ a tio n  tim e . N o rm als  
were observed  over a to ta l  o f 6 m ornings, a u tis ts  could  only be o bserved  o n  5 
occasions an d  th ese  w ere afternoons. A checksheet sy stem  was used , b e h a v io u r  
being reco rd ed  in  th e  fo rm  of occurrence o r  non-occurrence o f specified  u n its  
of b eh av io u r d u rin g  th e  period concerned. T he u n its  are show n in T a b le  2 
to g e th e r  w ith  a se t o f categories in to  w hich  th e  u n its  were g rouped  fo r th e  sak e  
of la te r  analysis an d  com parisons. N ote  th e  ‘L ocom otion’ ca tegories in  th is  
tab le . T hese  w ere inc luded  because n o rad ren a lin e  levels in  p a r t ic u la r  are  
know n to  v a ry  accord ing  to  th e  e x te n t o f locom otor ac tiv ity , an d  we, th e re fo re , 
needed  th is  in fo rm a tio n  in  o rder to  in te rp re t no rad ren a lin e  find ings. T he o th e r  
categories are  m a in ly  descrip tive or m o tiv a tio n a l, an d  are b ased  on e a r lie r  
w ork  b y  m yself a n d  o thers on ch ild ren ’s b ehav iou r.

R egard ing  th e  u rin e  collection p rocedure , b lad d ers  were em p tied  fo r  all 
ch ild ren  before th e  o b se rv a tio n  period  an d  again  afterw ards. T he f ir s t  tim e  
th e  u rine  w as d iscarded , th e  second tim e  i t  w as saved , and  a liq u o ts  p re p a re d  
an d  frozen  fo r su b seq u en t analysis. F in a lly , a series of o v ern ig h t (i.e. f i r s t
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u rin a tio n  in  th e  m orning) sam ples w as o b ta in ed  fo r each  child  (w ith  p a re n ta l 
help) for com parison  w ith  th e  d ay tim e  sam ples.

T he resu lts  o f the  f ir s t  y ea r 's  w o rk  (sam ple of ch ild ren  ju s t  described) 
w ere as follow s. T aking th e  ca techo lam ines f irs t, th e  c learest re su lts  w ere fo r 
ad rena line , w here there  w as a sign ifican t fin d in g  th a t  au tis ts  w ere excre ting  
m ore ad renaline  th a n  n o rm als  in  re la tio n  to  overn ig h t levels (F ig . 1).

In  fac t, a u tis tic  ch ild ren  seem ed to  h av e  u n u su a lly  low o v ern ig h t levels. 
H ow ever, th e  sam ple size w as too sm all fo r genera lisa tion , an d  we realised  
th e  need fo r a la rger s tu d y  to  confirm  or re jec t th is  find ing . T he ad rena line  
re su lts  are show n in F igu re  2.

R egard ing  behav iour, th e  clearest difference w as, as expected , in  solo b e 
h av io u r (F ig. 3). As th e  fig u re  shows, th e  tw o groups were w holly  sep a ra te  
fo r  these k inds of so lita ry  a c tiv ity . N o te  t h a t  th e  h igh levels o f solo b eh av io u r 
in d ica te  th a t  au tis tic  ch ild ren  are n o t in a c tiv e ; on th e  c o n tra ry  th e y  are doing 
th in g s  b u t tb e  th ings th e y  do are n o t social. I t  goes w ith o u t say ing  th a t  th e ir  
scores on ‘p o s itiv e ’ or ‘f r ie n d ly ’ social b e h a v io u r are low er th a n  th o se  of n o rm a l 
ch ild ren , as F ig . 4 ( In it ia te  A ssociative) show s. Some in d iv id u a l au tis ts  
d id , how ever, show  occasional o u tb u rs ts  o f v e ry  aggressive b eh av io u r.

W e an a lysed  th e  re la tio n  betw een  b eh av io u r and  ca techo lam ines fo r all 
th e  ch ildren , n o rm al and  a u tis tic , to g e th e r . T his show ed a n u m b e r o f co rre la 
tio n s , as show n in  the  T ab le  3. M ost o f  th e  co rre la tions arose, as can  be seen, 
w hen  d ay /n ig h t ra tio s  w ere used  ra th e r  th a n  d ay tim e  levels. P a r t  o f th e  reason  
fo r th is  is doub tless th e  e x te n t of in d iv id u a l v a r ia b ility  in  a c tu a l levels of 
ca techo lam ine  ‘arousal’. As was seen in  th e  overall ad renaline  re su lts , in tra -  
in d iv id u a l va rian ce  was considerab ly  less th a n  in te r-in d iv id u a l v arian ce , i.e. 
th e  ch ildren  show ed d a y -to -d a y  co n stan cy  in  th e ir  ca techo lam ine  levels. T his
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Fig. 1: Ratio of mean daytime epinephrine excretion rates to night-time excretion rates, 
first sample. Normal mean 2.9, autistic mean 8.3. t test, 2.55, P <  0.05



Fig. 2: Individual variation in epinephrine excretion rates, first sample



Fig. 3: Individual variation in solo behaviour, first sample. (For explanation of signs see
Fig. 2)
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2 0 2

Fig. 4: Initiate associative behaviour scores, first sample (signs as in Fig. 2)



Fig. 6: Individual variation (means ±  SE) in Initiative Associative behaviour, second sample
(signs as in Fig. 2)
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Fig. 5: Individual variation in norepinephrine excretion rates, second sample (signs as in
Fig. 2)



Table

Behaviour catalogue used. —Units of behaviour recorded are shown in the body of the

L o com otion
0

(im m obile)

L ocom otion
1

(Minor)

Locom otion
2

(M edium )

L o com otion
3

(M ajor)
Solo

b eh av io u r
Schoo l-o rien ted

b e h av io u r

Sit doing noth
ing

Sit & write Climb Run Self groom Be given task

Stand doing 
nothing

Stand & paint Walk Jump Talk to self Be commanded

Crouch doing 
nothing

Stand & play Crawl Hop Vocalize to 
self

Do task

Lie doing noth
ing

Sit & drink Shrug Swing Self display Play

Kneel Place walk Hang Mouthe Go to teacher

Twist Dance Gaze Talk to teacher

Balance Play heat Look at ob
ject

Shew to teacher

Roll Move heavy 
things

Glance Comply

Any Tremor Stare Non-comply

Watch Listen

Question/ask
permission

Be scolded

Look at teacher

Be talked to by 
teacher

Be praised
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2

table. Column heads denote names of categories into which units were grouped

In i t ia te  . 
assoc ia tive  R eceive associative 
b e h a v io u r b e h av io u r

In itia tiv e
assertive

b ehav iour

R eceive
a sse rtiv e
b eh av io u r

In it ia te
aggressive
beh av io u r

R ece iv e
aggressive
b e h a v io u r

Smile Be approached Command Be command
ed

Provoke Be provoked

Go to Receive object Try to take Be taken 
from

Hit Be liit

Give object Be helped Akimbo Be pointed 
at

Push Be pushed

Help Be soothed Search Be asserted 
to

Grab Be grabbed

Soothe Be hugged Point Wrestle Be kicked

Hug Be patted Demand Kick Be bitten

Pat Be kissed Take Bite Be schratched

Kiss Receive contact Assert Scratch Be shown ton
gue

Physical con
tact

Receive atten
tion

Tongue out Be banged

Hand in hand Be shown to Bang object 
with object

Be thrown

Seek attention Be asked com
pany

T antrum

Show to X Be talked to 
by peer

Rough and 
tumble

Ask company Be looked at Throw

Talk to peer Be talked to by 
me

Talk to me

Look at peer

Look at me
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Table 3

Correlations between behaviour scores and catecholamine excretion 
rate; first sample

B eh av io u r C atecholam ine r B P<

High initiate associative low E d/n* 0.568 0.05
High initiate aggressive high MN d 0.542 0.02
High solo high ill d/n 0.749 0.01
High receive associative low E d/n 0.547 0.05
High initiate assertive low E d/n 0.640 0.05
High total locomotion high NE d/n 0.644 0.05
High total locomotion high MN d/n 0.532 0.05
High total locomotion high VMA d|n 0.552 0.05

* d , d a y ;  d /n , d ay /n ig h t.
r B: co rre la tio n  co effic ien t b e tw e en  b e h a v io u r  score a n d  c a tech o lam in e  e x c re tio n  level 
(S p earm an  R a n k  C o rre la tio n , N  =  14; 10 n o rm a ls, 4  au tis ts )

confirm s earlie r Sw edish find ings, an d  th e  w ork  of Mo n tagner  e t al. (1978) 
in  co rticoste ro id  levels.

O w ing to  th e  sm all sam ple size, as s ta te d , we re p e a te d  th e  s tu d y  d u rin g  th e  
second y ea r on  a la rg e r n u m b er of ch ild ren . T h ere  w ere 20 n o rm al an d  18 
a u tis tic  ch ild ren . T he n o rm a l ch ild ren  w ere in  a d ifferen t O xford  p r im a ry  
school. T he a u tis ts  w ere m ade up  of th e  4 fro m  th e  f ir s t  sam ple p lus 6 m ore 
from  th a t  H o sp ita l school p lus a fu r th e r  8 fro m  an  au tis tic  school in  E a lin g . 
D a ta  w ere co llected  on  4 consecutive m orn ings, to g e th e r w ith  o v e rn ig h t 
sam ples, fo r all ch ild ren  (Table 4).

R esu lts  o f th e  la rg e r second s tu d y  w ere in  som e respects  in te re s tin g  an d  in  
o thers d isappo in ting .

F igu re  5 show s th e  catecho lam ine resu lts  fo r  th e  second sam ple, show ing 
n o rad ren a lin e  on th is  occasion, m ain ly  to  illu s tra te  once again  th a t  th e  e x te n t  
of in tra - in d iv id u a l v a r ia tio n  is considerab ly  less th a n  th a t  of in te r- in d iv id u a l 
v a ria tio n , i.e. ch ild ren  are  fa irly  co n sis ten t in  th e ir  in d iv id u a l ca techo lam ine  
o u tp u t levels fro m  d ay  to  d ay , b u t  v a ry  co n sid e rab ly  from  one an o th e r. A u tis tic  
ch ild ren  an d  no rm als  d id  n o t  differ co n sis ten tly  fo r an y  of th e  ca techo lam ines 
m easured , e ith e r  w ith  re g a rd  to  d ay tim e  levels o r d ay : n ig h t ra tio s .

In  b eh av io u r th e  sam e differences w ere fo u n d  as before; again  th e re  w as 
a com plete  sep a ra tio n  betw een  th e  a u tis ts  an d  th e  norm als w ith  reg a rd  to  
solo b eh av io u r, a n d  associa tive  b eh av io u r (F ig . 6).

D isa p p o in tm e n t cam e, how ever, w hen  we so u g h t th e  b eh av io u r: c a tech o l
am ine co rre la tions fo u n d  in  th e  f irs t sam ple. N one o f th e  p red ic ted  co rre la tio n s 
were found . W orse s till, no o thers w ere fo u n d  e ith e r. In  o th e r w ords, w iden ing  
the  sam ple size led  to  th e  d isappearance  of all th e  beh av io u r: ca techo lam ine  
corre la tions, a n d  th is  n a tu ra lly  le ft us in  som e bew ilderm en t.

Conclusions

C learly, th e  f i r s t  conclusion we m u st com e to  is th a t  th e re  are  no  one-to - 
one co rre la tions b e tw een  ty p es  of h u m an  b e h av io u r (a t  leas t those  we s tu d ied ) 
and  ca techo lam ine  ex cre tio n  levels (perhaps also o th e r aspects o f physio logy  
co rre la ted  w ith  ‘s tre ss’).
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Table 4

Subjects studied in the second sample

chad N orm al/autistic  • Sex Wt(Vg)

Nora N F 81 26
Margaret N F 65 20
Patricia N F 65 19
Julie N F 62 17
Nina N F 81 21
Suzanna N F 61 19
Rosemary N F 63 24
Elizabeth N F 62 17
Jayne N F 83 23
Carol N F 65 22
Richard N M 82 24
Bob N M 63 20
Shaun N M 66 22
Barry N M 65 21
John N M 63 22
Brian N M 83 23
Tim N M 62 18
Steve N M 82 22
Martin N M 81 28
Jeremy N M 81 24
Cecily A F 125 28
Adam A M 120 35
Sam* A M 111 27
Ken* A M 106 22
Robin A M 69 15
Darrell* A M 135 35
Henry* A M 129 33
Arthur A M 136 25
Colin A M 125 25
Hubert A M 130 29
Terry AS M 101 23
Mel AS M 137 28
Randolph AS M 69 25
William AS M 62 23
George AS M 155 47
Hamilton AS M 118 32
Edward AS M 85 26
Ben AS M 113 42

* N  =  norm al, A =  au tistic  S m ith , A S =  au tistic  Springhallow , J =  age in  m on th s, * =  also stu died  in sam ple I

Second, we can  say  th a t  w hile a u tis tic  an d  n o rm al ch ild ren  differ d ram a tica lly  
from  each  o th e r in  th e ir  b eh av io u r p a tte rn s , physio log ically  th e y  do n o t  differ, 
a t  le a s t n o t w hen  large  sam ples are  considered  to g e th e r.

N evertheless th e re  are o th e r  w ays of looking a t  th e  d a ta , an d  th is  we h av e  
done, lead ing  to  a m ore p ro d u c tiv e  conclusion.

T he sm aller sam ple h ad  y ie lded  a t  le a s t some co rre la tions an d  we, th e re fo re , 
to o k  an  en tire ly  d iffe ren t look a t  th e  d a ta , considering each  in d iv id u a l s e p a ra te 
ly . As a lread y  p o in ted  o u t, ch ild ren  (b o th  no rm al an d  au tis tic ) te n d  to  show  
c h a rac te ris tic  form s of b eh av io u r an d  ch a rac te ris tic  ca techo lam ine  levels. 
Since th e re  is no overall co rre la tio n , we m u st conclude th a t  in d iv id u a l ch ild ren
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h av e  th e ir  own ch a rac te ris tic  co rre la tio n  p a tte rn . T h a t, how ever, te lls  us 
n o th in g  in  fu n c tio n a l te rm s.

H ow , th e n , m ay  ca techo lam ines be re la te d  fu n c tio n a lly  to  behav iour?  W e 
n o te d  th a t  th e  a u tis ts , b e h av io u ra lly  q u ite  ab n o rm al, w ere physio logically  
no rm al w ith  reg ard  to  ‘s tre ss’ horm one e.g. th e ir  s tress level w as u n d e r con tro l 
a t  th e  physio logical level. I t  cou ld , th ere fo re , be t h a t  th e ir  b eh av io u r has u n d e r
gone a rad ica l a d ju s tm e n t in  o rd e r to  b ring  th e ir  s tress sy s tem  in to  a ‘n o rm a l’ 
region. T h is w ould be  to  reg a rd  b eh av io u r as a ‘coping’ m echan ism . I f  we assum e 
th a t ,  fo r th em , social in te ra c tio n  is physio log ically  stressfu l, th e n  th e ir  w ith 
draw al in to  them selves is a k in d  of ‘bu ffe ring ’ process, keep ing  th em  o u t of 
social s itu a tio n s th a t  m igh t be overarousing  physio log ically  an d  lead  to  rap id  
exhau stio n .

A lthough  our s tu d ies  have  n o t y e t been ad e q u a te ly  designed  to  te s t  th is  
idea  p roperly , a look a t  in d iv id u a l cases in  th e  s tu d y  a lread y  m ade te n d s  to  
confirm  th is  idea. O n a few occasions we w ere observ ing  a u tis tic  ch ild ren  who 
fo r some reason w ere forced  in to  social in te ra c tio n . I n  one case, fo r exam ple , 
a boy  d ropped  a b o ttle  o f m ilk  an d  w as to ld  off fo r i t  d u rin g  o u r s tu d y  period . 
T he re su lt in  te rm s of his ad ren a lin e  level w as d ram a tic  —  i t  rose ex cep tio n 
a lly  h igh.

This to o , of course, ties in  w ith  our o th e r  s tud ies on in d iv id u a ls  m en tio n ed  
a t  th e  o u tse t, and  th e  w ork  of o th ers  re la tin g  ad renaline  to  perceived  s tress. 
B u t m ore im p o r ta n tly  i t  does tw o th ings. F irs t  i t  su p p o rts  th e  idea (w hich 
has been  and  still is challenged) th a t  au tis tic  ch ild ren  are show ing a response 
to  stress. W e suggest th e y  b av e  been  b a d ly  s tressed  an d  h av e  responded  b y  
w ith d raw al. W e do n o t  conclude th a t  th e  stress could  h av e  been  avo ided  or 
th a t  anyone is to  b lam e fo r i t  —  these  ch ild ren  m ay  even be  genetica lly  over
sensitive to  norm al s itu a tio n s .

Second, we can  see th e  genera l re la tio n  b e tw een  b eh av io u r and  physio log
ical levels as one in  w hich th e  fo rm er serves as a k ind  o f a d a p ta tio n  to  th e  
perceived  en v iro n m en t, m ak ing  sure th e  b o d y  system s h av e  th e  b est chance 
of norm al, reg u la r fu n c tio n in g  (only  occasionally  su b jec tin g  i t  to  in su lts , 
e.g. w hen  d rink ing  h eav ily  or engaging in  a th le tic  sports). M ost p a rticu la rly , 
we use our social b eh av io u r to  reg u la te  th e  n ervous stress re su ltin g  from  social 
re la tionsh ips. This is a su b jec t th a t  needs m u ch  fu r th e r  s tu d y .
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